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33 Uusimaa belt is interpreted as an intra-continental, or continental margin back-arc, extensional region developed on older 34 continental crust.
35
Iron oxide-copper-gold (IOCG) deposits are diverse in style. At least the oldest mineralizing stages, at ca. 1.88 Ga, are 36 coeval with calc-alkaline to monzonitic magmatism and coeval and possibly cogenetic subaerial volcanism more akin to 37 continental arcs or to magmatic arcs inboard of the active subduction zone. Younger mineralization of similar style took place 38 when S-type magmatism occurred at ca. 1.80 to 1.77 Ga during cratonization distal to the active N-S-trending subduction zone 39 in the west. Possibly, interaction of magmatic fluids with evaporitic sequences in older rift sequences was important for ore 40 formation. 41
Finally, the large volumes of anorthositic magmas that characterize the Sveconorwegian Orogeny formed a major 42 concentration of Ti in the SW part of the Sveconorwegian orogenic belt under granulite facies conditions, about 40 million 43 years after the last regional deformation of the Sveconorwegian Orogeny, between ca. 930 and 920 Ma. 81 These deposits have been described as porphyry 82 style deposits or as hybrid deposits with features 83 that also warrant classification as iron oxide-cop-84 per-gold (IOCG) deposits (Weihed, 2001; Wanhainen 85 et al., 2003) .
86 In this paper, we discuss the deposit types men-87 tioned above, including the important Mesoprotero-88 zoic anorthosite-hosted Ti deposits. Although still 89 much debated both the Kiruna-type Fe-apatite depos-90 its and the intrusion related Cu-Au deposits are here 91 discussed as IOCG deposits. The emphasis is on the 92 geodynamic aspects of ore formation. The deposits are 93 discussed in terms of their tectonic setting and rela-94 tionship to the overall geodynamic evolution of the 95 shield. Also considered are deposit-scale structural 96 features and their relevance for the understanding of 97 the ore genesis. (de Wit et al., 1987) . This interval represents 163 a significant fraction of 6 km-thick modern oceanic 164 crust but only a small fraction of thicker Archaean 165 oceanic crust. Thus the temperature of fluid circulating 166 in the crust at Archaean spreading centres would prob-167 ably have been lower than nowadays.
168 Just before subduction, the modern oceanic plate 169 consists of a thin layer of sediments, thin, largely 170 hydrated oceanic crust and a thick section of mantle 171 lithosphere. Faster moving, hotter Archaean plates 172 accumulated less sediment and contained a thinner 173 section of mantle lithosphere (Sleep and Windley, 174 1982) . To initiate subduction, the basaltic section of 175 the crust must convert, at least in part, to dense 176 eclogite. It is not clear how this happens, even in 177 the modern situation. If the lower parts of 30 km-178 thick Archaean crust were transformed to eclogite, 179 this large volume of relatively cold, dense rock 180 would have acted as a sinker, dragging down the 181 rest of the slab, despite the thinner mantle portion of 182 the lithosphere. The dips of Archaean subduction 183 zones may have been high (Russell and Arndt, 184 2005) , not low, as is commonly proposed (e.g., Kar-185 sten et al., 1996; Foley et al., 2003) . Hinge retreat or 186 slab roll-back might have been common. In a subduc-187 tion zone, the relatively small proportion of hydrated 188 crust would have become sandwiched between hot 189 overlying mantle and the cold, thick lower part of 190 the subducted crust. Perhaps Archaean oceanic crust 191 was not always totally subducted. The partially 192 hydrated, basalt-rich and less dense upper parts may 193 have been obducted onto growing arcs or continents 194 while the dense eclogitized lower parts plunged back 195 into the mantle or, alternatively, the lower ultramafic 196 cumulate part of a differentiated crust may have dela-197 minated and the upper section, composed of hydrated 198 basaltic rocks, may have accreted to the growing 199 island arc (Foley et al., 2003) . (Nelson, 2004) . In 258 the southern Superior Province of Canada, in the 259 Yilgarn of Australia, in Brazil, Zimbabwe and in 260 parts of the Aldan Shield in Siberia, komatiites and 261 basalts are dated from 2.73 to 2.70 Ga and the peak of 262 granite emplacement at around 2.70 Ga. In the Bir-263 imian of West Africa, mafic volcanism is dated at 2.13 264 Ga and the granites intruded mainly around 2.07 Ga.
265 Abouchami et al. (1990) equate the Birimian mafic 266 volcanism with the enormous ocean plateaux 267 emplaced in the Pacific in the Cretaceous and Boher 268 et al. (1991) interpret the granites as accelerated sub-269 duction-related magmatism triggered by the period of 270 enhanced plume activity. This idea has been taken 271 further by Stein and Hofmann (1994) and Condie 272 (2004) who have developed a model in which periods 273 of enhanced plume-dominated mantle convection 274 alternate with periods of plate tectonics.
275 The physical conditions in the crust and upper 276 mantle when the Archaean and Palaeoproterozoic 277 greenstone belts formed probably correlate with the 278 types of ore deposits they contain. For example, the 279 Abitibi belt in the Canadian Superior Province, which 280 is believed to have formed through the accretion of 281 oceanic crust, oceanic plateaux and island arcs (Card, 282 1990; Kimura et al., 1993) , is the host of numerous 283 large VMS and gold deposits but few Ni-PGE sul-284 phide deposits. In contrast, the greenstone belts of the 285 Yilgarn craton in Western Australia apparently formed 286 through flood volcanism on an older continental base-287 ment. This region contains few VMS deposits, abun-288 dant gold deposits and hosts, at Kambalda, the type 289 examples of Ni-PGE sulphide deposits in komatiite 290 lava flows (Lesher, 1989) . The link between geody-291 namic context and Ni-PGE mineralization lies in the 292 role that assimilation of continental crust played in the 293 formation of the Kambalda deposits. 294 The formation of major Neoarchaean VMS, oro-295 genic gold, and Ni-PGE mineralization seems to be 296 restricted to the period ca. 2.74 to 2.69 Ga and appears 297 to correspond to a period of intense intrabasinal mantle 298 plumes and a subsequent global plume-breakout event 299 (Barley et al., 1998) . Apart from the low degree of 300 exploration, especially in the eastern part, the obvious 301 lack of major Neoarchaean mineralization in the Fen-302 noscandian Shield could possibly be explained by the 303 age of Neoarchaean greenstone belts. Most of the 304 Fennoscandian greenstone belts seem to be slightly
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305 older than the global Neoarchaean peak in mineraliza-306 tion and mantle plume activity (e.g., Huhma et al., 307 1999) and, hence, magmatism and hydrothermal activ-308 ity might have been less intense and unable to form 309 major metal deposits. This could also explain the lack 310 of major lode gold deposits related to subsequent 311 accretion during peak orogeny. (Fig. 1) . The Karelian 339 craton can be divided into the Belomorian mobile belt 340 and three complexes: Central Karelian, Iisalmi, and 341 Pudasjärvi (Fig. 1) . The boundary zone between the 342 Central Karelian Complex and the Belomorian mobile 343 belt was formed by accretion of island arc and con-344 tinental fragments to the Karelian core in the Neoarch-345 aean (Mints et al., 2001) . This boundary zone and the 346 whole Belomorian mobile belt were strongly reacti-347 vated in the Palaeoproterozoic (Gaál and Gorbatschev, 348 1987; Bibikova et al., 2001 ). Based 362 mainly on trace element and isotope geochemistry 363 of the rocks, Svetov (2001) and Puchtel et al. (1999) 364 inferred that the greenstones formed at a convergent 365 ocean-continent boundary by tectonic accretion, and 366 the final collision stages resulted in asymmetric struc-367 tures of the greenstone belts.
368 Detailed stratigraphic studies have been conducted 369 in the Archaean Tipasjärvi-Kuhmo-Suomussalmi 370 (TKS) greenstone complex ( Fig. 1) in Finland, 371 which therefore serves as a good example of the 372 Archaean evolution (Piirainen, 1988; Papunen et al., 373 1998; Halkoaho et al., 2000) . A bimodal volcanic 374 sequence at the eastern margin of the Suomussalmi 375 greenstone belt evidently belongs to an older supra-376 crustal formation. For example, Vaasjoki et al. (1999) 377 reported a U-Pb age of 2966 F 9 Ma for the zircons of 378 felsic volcanic rocks, and consider that there is a time 379 gap of ca. 150 million years between the bimodal 380 volcanic sequence and the lowermost felsic volcanism 381 of the TKS greenstone belt. This time gap is also 382 characterized by deformation, metamorphism, and 383 resetting of U-Pb ages of the tonalite-trondhjemite-384 granitoid (TTG) complex at 2.83 Ga (Luukkonen, 385 1992 The TKS greenstone belt was intruded by grano-419 diorites and tonalites with zircon U-Pb ages ranging 420 from 2.75 to 2.69 Ga (Luukkonen, 1992) and was 421 isoclinally folded to form a wide synclinorium. Duc-422 tile shear zones deformed the belt and acted as con-423 duits for ascending metamorphic fluids at ca. 2.75 to 424 2.67 Ga.
425 3.2. Palaeoproterozoic tectonic evolution from 2.5 to 426 1.9 Ga
427
Several periods of sedimentation and magmatism 428 characterize the Palaeoproterozoic evolution of the 429 shield before the Svecokarelian Orogeny. The 430 Archaean craton of Fennoscandia consolidated after 431 the last major phase of granitoid intrusions at 2.69 432 Ga. During the period 2.5 to 1.9 Ga, it underwent 433 several episodes of continental rifting and related, 434 dominantly mafic, magmatism, denudation and sedi-435 mentation. These resulted in the formation of vol-436 cano-sedimentary sequences, which were deformed 437 during the Svecokarelian Orogeny between 1.9 and 438 1. (Fig. 2) . However, the 477 timing of these intrusions is disputed, as contrasting 478 U-Pb ages of 2496 F 10 and 2447 F 10 Ma were 479 recently determined from two different stratigraphic 480 levels of the Mt. Generalskaya intrusion (Bayanova et 481 al., 1999) and similar results have been obtained from 482 the Panski Tundra intrusions (Mitrofanov and Baya-483 nova, 1999) . 484 Amelin et al. (1995) (Huhma et al., 501 1990; Alapieti and Lahtinen, 2002) . 502 Layered intrusions, mafic dyke swarms, and coeval 503 continental volcanism together suggest mantle plume 504 activity in an extensional setting (Amelin et al., 1995) . 505 This model implies extension and crustal uplift before 506 volcanism and subsequent subsidence and formation 507 of graben structures during and after volcanism. 508 Poorly sorted sediments characteristic of graben infill 509 are recorded at this stratigraphic level (Gorbunov et 510 al., 1985) . The intense faulting and displacement are 511 related to the late stages of rifting, probably to the 512 cooling and subsidence of the brittle layer of the 513 lithosphere after the buoyant rise of the base of the 514 lithosphere during the active rifting phase (see Ala-515 pieti and Lahtinen, 2002 The Polmak-Pechenga greenstone belt extends for 520 about 200 km from northern Finland to NW Russia. 521 The area has been intensely studied since the discov-522 ery of the Pechenga Ni-Cu deposits in the 1920s, and 523 the review here is mainly based on the work of Hanski 524 (1992), Melezhik (1996) , Green and Melezhik (1999) 525 and Barnes et al. (2001) . The 2.3 Ga, subaerially 526 deposited, andesitic basalts of the lowermost volcanic 527 unit of the Pechenga sequence represent the next 528 episode of magmatic activity in the Fennoscandian 529 Shield (Melezhik, 1996) . Conglomerate and a regolith 530 on the Archaean crust underlie these basalts. The 531 conglomerate contains clasts derived from the Mt. 532 Generalskaya layered complex (2505 F 1.6 Ma U-533 Pb age of baddeleyite, Amelin et al., 1995) , indicating 534 that the crust had been deeply eroded to expose the 535 intrusion before the onset of volcanism. The Pechenga 536 sequence developed with cyclic sedimentation and 537 volcanism in an intracratonic rift zone, but the volcan-538 ism at ca. 2.1 to 2.0 Ga represents a transition from an 539 intracratonic to an intercontinental oceanic rift envir-540 onment that developed between 2.00 and 1.97 Ga into 541 an oceanic rift with voluminous sedimentation and 542 volcanism. The Pechenga sequence was subducted 543 between 1.97 and 1.87 Ga and a continent-continent 544 collision followed from 1.87 to 1.80 Ga in the region 545 (Melezhik, 1996) . Ultramafic, ferropicritic volcanic 546 rocks (Hanski and Smolkin, 1989; Hanski, 1992) , 547 dated at 1,977 F 52 Ma (Sm-Nd, Pb-Pb, Hanski, 548 1992) host the Pechenga Ni-Cu deposits. The ferro-549 picrites are enriched in LILE, LREE and HFSE and 550 display similarities with the picritic volcanic rocks of 551 the Central Lapland greenstone belt discussed below. 552 Although the idea of a core signature has been sug-553 gested for the Fe-rich Archaean to Proterozoic ultra-554 mafic volcanic rocks (Puchtel et al., 1999) , it has also 555 been argued that the Archaean/Proterozoic picrites 556 were 30% richer in Fe compared with modern OIB 557 since the mantle was more Fe-rich at that time (Fran-558 cis et al., 1999; Barnes et al., 2001) .
559
The Central Lapland greenstone belt (CLGB) is the 560 most extensive belt of mafic volcanic rocks and 561 related sedimentary units in Fennoscandia (Fig. 2) . 562 The CLGB is divided into seven lithostratigraphic 563 groups (Lehtonen et al., 1998; Hanski et al., 2001a; 564 Vaasjoki, 2001 (Karhu, 1993; Melezhik, 1996 (Barnes and Often, 1990) , whereas 590 the picrites are LREE and HFSE enriched, which 591 indicate mantle hotspot activity (Hanski et al., 2001b Korsman et al., 1999) .
688 Reflection seismic studies in the 1980s indicated 689 possible fossil subduction zones and remnant slabs 690 from subduction immediately south of the Skellefte 691 District in Sweden (BABEL Working Group, 1990) . 692 Korja et al. (1993) proposed a mantle underplating 693 model to account for the thick crust in central Finland, 694 whereas Lahtinen (1994) presented a model for the 695 Svecofennian of Finland involving several accretion-696 ary units and three collisional stages at 1.91 to 1.90, 697 1.89 to 1.88, and 1.86 to 1.84 Ga. Korja (1995) 698 introduced the concept of orogenic collapse to account 699 for the variation in crustal thickness in southern Fin-700 land, and Nironen (1997) presented a kinematic plate 701 tectonic model for the Svecofennian Orogen starting 702 with the opening of an ocean at 1.95 Ga, followed by 703 progressive accretion of two arc complexes on to the 704 Archaean craton between 1.91 and 1.87 Ga. The 705 accretionary orogens are progressively younger 706 towards the west, with the subsequent Gothian Oro- Table 1 Grade and pre-mining tonnage of selected a ore deposits in the Fennoscandian Shield t1.2 Ettner et al. (1994) t1.4 t1.5 Lindblom et al. (1996) t1.6 (1999) t1.7 Hiltunen (1982) t1.8 t1. 9 7 Allen et al. (1996a) t1.11 9) Långsele VMS 12.0 0.6 3.9 0.3 -0.9 25 ----Closed mine Allen et al. (1996a) t1.12 10) Renströ m VMS N 9 0.8 6.5 1.5 -2.8 155 ----Active mine Allen et al. (1996a) t1.13 11) Petiknäs S VMS 6.5 1.1 4.8 0.9 -2.3 108 ----Active mine Allen et al. (1996a) t1.14 Allen et al. (1996a) t1.15 Allen et al. (1996a) t1.16 Allen et al. (1996a) t1.17 Allen et al. (1996a) t1.18 Allen et al. (1996a) t1.19 Allen et al. (1996a) t1.20 Allen et al. (1996a) t1.21 Gaál (1985) t1. 24 22 Gaál (1985) t1.25 Gaál (1985) t1.26 Allen et al. (1996b) t1.27 Allen et al. (1996b) t1.28 Allen et al. (1996b) t1.29 Allen et al. (1996b) t1.30 t1.31 t1.32 Allen et al. (1996b) t1.33
Active mine Charlier (this volume) t1.34 Weihed et al. (2003) t1.35 Sundblad (2003) t1.36 Sundblad (2003) t1.37 t1.38 t1.39 Poutiainen and Grö nholm (1996) et al. (2003) t1.41 t1.42 t1.43 Kurki and Papunen (1985) t1.44 Kurki and Papunen (1985) t1.45 Kurki and Papunen (1985) t1.46 Kurki and Papunen (1985) t1.47 Papunen and Gorbunov (1985) Papunen and Gorbunov (1985) Papunen and Vorma (1985) t1.50 Papunen and Gorbunov (1985) Papunen and Gorbunov (1985) Alapieti et al. (1989) t1.53
The genesis of some deposits is still debated, this is discussed further in the text.
t1.54
a This table lists all major deposits, or deposits discussed in the text, of each type in the Fennoscandian Shield where deposit data are available. Data for deposits 4, 5, 19, 20, 21, 22, 23, [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] from the Geological Survey of Finland deposit database, data for deposit 1, 2, 7-18 from Weihed (2001) , data for deposit 6 from Boliden Mineral AB, data for deposits 24-27 from Allen et al. (1996b) , data for deposits 28-30 from Geological Survey of Sweden mineral deposit database and data for deposit 31 from Charlier (2005 (Halkoaho and Pietikäinen, 1999) in a 804 komatiitic cumulate of the Suomussalmi greenstone 805 belt are the most notable. The Ni / S ratios are high and 806 Cu tenors very low, similar to the Mt. Keith type of 807 komatiitic sulphides (Naldrett, 1989) . The prospects 808 of Peura-aho and Hietaharju (Kurki and Papunen, 809 1985;  Table 1 ) are composed of massive and disse-810 minated Ni-Cu sulphides at the contact zone between 811 a basal cumulate serpentinite lens of a komatiitic 812 basalt flow and underlying sulphide-bearing felsic 813 volcanic rock. The Arola and Sika-aho prospects 814 (Table 1) are tectonically remobilized Ni-sulphides 815 in shear zones, whereas the Tainiovaara deposit is 816 located in a small, intensely metamorphosed and 817 deformed ultramafic lens totally surrounded by 818 Archaean granitoids.
819
The geological environment and stratigraphic 820 sequences of the TKS greenstone complex (see 821 above) are quite similar to those of the Norseman-822 Wiluna belt, Western Australia (Hill, 2001) , although 823 the dimensions of the TKS belt are much smaller. 824 Thermal erosion of sulphidic substrates and channe-825 lized ultramafic volcanic flows are considered prere-826 quisites for the contamination and accumulation of 827 Ni-bearing sulphides in komatiites (Huppert et al., 828 1984; Lesher et al., 1984; Hill, 2001; Naldrett, 829 2001) . In the Kuhmo belt, sulphide-bearing chert 830 layers that locally underlie the komatiitic flows and 831 cumulates in the lowermost komatiitic flow are 832 depleted in Ni, indicating sulphide contamination 833 and segregation somewhere in the passage of the 834 flow (Papunen et al., 1998) .
The 2.5 to 2.4 Ga period of igneous activity that 837 resulted in the emplacement of numerous layered 838 mafic-ultramafic intrusive complexes was important 839 in terms of major chromitite and Ni-Cu-PGE deposits. 840 According to Alapieti and Lahtinen (2002) (2002) clas-863 sified the PGE occurrences into six categories: (1) 864 disseminated base-metal sulphide-PGE deposits, (2) 865 PGE-bearing offset deposits, (3) base-metal sulphide-866 bearing PGE reefs, (4) sulphide-poor PGE reefs, (5) 867 disseminated base-metal sulphide-PGE deposits asso-868 ciated with microgabbronorites and (6) PGE enrich-869 ments associated with bupper chromititesQ. 870 Reef type PGE deposits characterize, for example, 871 the Penikat complex, where the megacyclic units were 872 interpreted to be the result of replenishment of the 873 magma in the crystallizing magma chamber, and the 874 lower contacts of the units correlate with both sul-875 phide-bearing and sulphide-poor PGE reefs. The dis-876 seminated base-metal sulphide-PGE deposits occupy 877 the marginal part of the intrusion where the crystal-878 lization sequence is inverted and the rock is hetero-879 geneous with abundant wall-rock fragments and 880 breccia structures. The Kemi intrusion hosts a 881 world-class chromite deposit (see Table 1 ). The de-882 posit consists of stratiform, massive or semi-massive 883 chromitite in the ultramafic basal cumulate of a 884 layered igneous complex. The ore deposit is anoma-885 lously thick, up to 90 m, and it extends subvertically 886 to at least a depth of 500 m. According to Alapieti et 887 al. (1989) , contamination of parental magma caused 888 the crystallizing evolved melt to move to the primary 889 liquidus field of chromite, and the dynamic conditions 890 and tectonically-shaped form of the magma chamber 891 accumulated chromite into a thick pile around the 892 magma vent. Fig. 2 ) 904 in Central Lapland (Mutanen, 1997) . The best sections 905 of the disseminated mineralization are related to tec-906 tonic remobilization, which upgraded the primary 907 igneous sulphides.
908
The Pechenga Ni-Cu deposits (Fig. 2) in NW 909 Russia are hosted by both ultramafic, weakly differ-910 entiated ferropicritic flows and differentiated gabbro-911 wehrlite intrusions within the 600 to 1000 m thickness 912 of the Pilgujärvi volcano-sedimentary formation 913 (Hanski, 1992; Melezhik, 1996) . The mineralized 914 ultramafic bodies are structurally controlled by the 915 West Rift Graben and related palaeotectonic setting. 916 Two eruptive centres, Kaula and Kierdzhipori, have 917 been identified in the Pilgujärvi formation on the 918 western and eastern sides of the graben, respectively 919 (Melezhik et al., 1994) . The ultramafic bodies are 920 further divided into the western, located higher up in 921 the stratigraphy, and eastern group. Green and Melez-922 hik (1999) suggested that the western group is com-923 posed of several flows, or portions of one flow, 924 interlayered with sediments, ferropicritic flows, and 925 tuffs, whereas the eastern group is composed of frac-926 tionated gabbro-wehrlite sills emplaced close to the 927 base of the sedimentary sequence. According to Green 928 and Melezhik (1999) , 226 differentiated ultramafic-929 mafic bodies can be distinguished: 25 contain Ni-Cu 930 deposits of economic interest, 68 are classified as 931 bNi-Cu-bearingQ, and the remaining 113 are described 932 as bbarrenQ. There are four Ni-Cu sulphide ore types: 933 massive ultramafic-hosted, brecciated, disseminated, 934 and bblack shaleQ-hosted, and predominantly Cu-rich 935 stringer ores . The ores, which 936 extend up to 400 m away from the gabbro-wehrlite 937 intrusions, are Cu-rich, containing 2% Ni and up to 938 10% Cu. The ultramafic bodies of Souker, Raisoaivi, 939 Mirona, Kierddzhipori, Pilgujärvi and Onki in the 940 eastern group host disseminated and massive Ni-Cu 941 deposits in differentiated gabbro-wehrlite intrusions, 942 and the Pilgujärvi intrusion is particularly voluminous 943 (500 m thick, 6 km strike length) and well differen-944 tiated. The ultramafic mineralized ferropicritic flows 945 of Semiletka, Kammikivi, Kotselvaara and Kaula of 946 the western ore group are thin (b 100 m) and contain 947 all ore types (Green and Melezhik, 1999) . Hanski 948 (1992) and Melezhik (1996) consider that the host 949 rocks of all the Ni-Cu sulphide mineral deposits 950 originated from the same ferropicritic parental 951 magma (Fig. 3) . This magma was derived from the 952 stem of a mantle plume and erupted along a graben 953 structure in the western ultramafic group as a flow on 954 top of the sediments, whereas in the eastern group the 955 magma intruded within a sedimentary pile where the 956 magma cooled slowly and fractionated. Based on the 957 sulphide textures and geochemistry, sulphur isotope 958 studies (Hanski, 1992; Melezhik et al., 1994 Melezhik et al., , 1998 
The Group I intrusions host several magmatic Ni-989 Cu sulphide occurrences, and nine of them have been 990 mined in central Finland since the 1960s, producing a 991 total of 0.28 Mt of contained nickel metal and 0.1 Mt 992 copper (Papunen, 1989 (Papunen, , 2003 Puustinen et al., 1995) . 993 This group is described below in more detail.
994
There are three main nickel ore belts in the Sveco-995 fennian area (Papunen and Gorbunov, 1985) , which 996 can be further divided into several subzones (Puusti-997 nen et al., 1995) . Two of the belts, the Kotalahti belt 998 and the Vammala belt, are located in central Finland, 999 whereas the Lappvattnet belt is located in northern 1000 Sweden. The Kotalahti belt roughly parallels the 1001 Archaean-Proterozoic boundary and is hosted by 1002 sedimentary-volcanic formations between the Keitele 1003 microcontinent and the Archaean craton, whereas the 1004 Vammala belt parallels the Tampere schist belt along 1005 the southern margin of the Keitele microcontinent 1006 against the Bergslagen microcontinent (see Section 5 1007 below). The Lappvattnet belt is situated along the 1008 southern margin of the Knaften area against the Both-1009 nia microcontinent in Sweden (Fig. 1) . Intensely 1010 deformed metasediments with black schist interlayers 1011 characterize the environment of the intrusions and the 1012 wall-rocks are commonly migmatized to neosome-1013 rich schollen migmatites. The neosome intersects the 1014 intrusions as random granitic vein networks. The 1015 felsic veins metasomatized the ultramafic olivine-1016 bearing parts of the intrusions, forming zoned margins 1017 composed of talc, tremolite, and chlorite against the 1018 phlogopite-bearing vein fill (Papunen, 1971; Marshall 1019 Marshall et al., 1995 see also Menard et al., 1999) . The zoned 1020 margins were not developed around the veins in pyr-1021 oxenitic and gabbroic parts of the intrusions. Struc-1022 tural analysis implies that the intrusion of mafic 1023 magma took place before or at the peak of D 2 defor-1024 mation and the intrusions were deformed and brec-1025 ciated during late F 2 folding (Kilpeläinen, 1998) . The 1026 contact zones against felsic migmatites experienced 1027 metasomatic alteration and peridotites were altered to 1028 serpentinites and pyroxenites to amphibole-chlorite 1029 rocks. In the Vammala belt the metamorphic condi-1030 tions reached upper amphibolite to lower granulite 1031 facies (i.e., 600 to 700 8C and 5 to 6 kbar; Peltonen, 1032 1990) and the cooling from peak conditions was slow, 1033 as evident from the subsolidus re-equilibration of 1034 olivine and chromite spinel and redistribution of Ca 1035 between pyroxenes (Peltonen, 1995b) .
1036 Two main types of Group I mafic-ultramafic intru-1037 sions host Ni-Cu sulphides: a) differentiated perido- Fig. 3 . Depositional model of the formation of the Pechenga Ni-Cu deposits after Melezhik (1996) and Barnes et al. (2001 Gaál (1972 Gaál ( , 1985 1097 and Puustinen et al. (1995) inferred that the Group Ia 1098 intrusions were emplaced into a subvertical D 3 1099 wrench lineament, which is clearly visible along the 1100 Kotalahti belt in tectonic and geophysical maps. How-1101 ever, in detail most of the intrusions occur outside the 1102 shear zone and a genetic relationship is ambiguous.
1103 According to Peltonen (2005) , the plutonism occurred 1104 over a wide zone due to westward subduction during 1105 the final stages of the closure of the basin between the 1106 primitive arc complex and the Archaean craton. Syn-1107 chronous transtensional shear systems, developed at 1108 the continental margin, facilitated the ascent of melts 1109 locally along subvertical shear zones. During D 3 the 1110 zones were reactivated and the intrusions were 1111 deformed and brecciated. Early assimilation of felsic 1112 sedimentary material and related increase of silica in 1113 the ascending magma resulted in the crystallization 1114 sequence olivine-orthopyroxene-plagioclase typical 1115 of type Ia intrusions (Haughton et al., 1974) . Accord-1116 ingly, low e (T) Nd values and elevated LREE and Zr 1117 abundances indicate contamination (Makkonen, 1118 (Makkonen, 1996 . The primary parental magma was sulphide 1119 unsaturated and the concentrations of chalcophile ele-1120 ments, notably Ni, were high. Contamination with 1121 sulphide-bearing sediments turned the magma to sul-1122 phide saturation and accumulation of sulphides took 1123 place. Mutually intrusive breccias between the mem-1124 bers of the differentiation series, lack of compositional 1125 layering, breccia type sulphides also as offset orebo-1126 dies outside the intrusion proper, and complicated 1127 shapes of the intrusive complexes are all evidence of 1128 polyphase intrusion, where the melt fractionated inter-1129 mittently in a magma chamber before final emplace-1130 ment (Papunen, 2003) . Syn-magmatic deformation 1131 squeezed the melt and early-crystallized silicates 1132 from high stress to low stress areas. At this stage 1133 the evolved, depleted and barren melt from the . The Vammala Ni-Cu deposit: the host rock of the Vammala Ni-Cu deposit is the Stormi ultramafic intrusion, which has the shape of a shallow bowl with mineralized dunitic portions at the base. Upper part of the intrusion consists of picrite and bupper peridotiteQ, which are barren and geochemically different from the mineralized lower dunite-peridotite intrusion. The picritic portion represents an ultramafic volcanic formation, which belongs to the supracrustal sequence and pre-dates the intrusion of the fertile dunite-peridotite body. The wall-rocks are migmatized mica gneisses, which also exist as inclusions and tongues inside the picritic layer and locally also between the lower peridotite and picrite. The whole ultramafic body is metamorphosed and intersected by felsic pegmatite dykes. The deposit was mined between 1973 and 1995 and produced 7.4 Mt ore at 0.69% Ni and 0.4% Cu. The Vammala genetic model: according to Peltonen (1995a) the Vammala-type intrusions are feeder channels of basaltic lava flows. The magma became contaminated by wall-rock sulphides and accumulated disseminated and semimassive sulphides together with early crystallized olivine, spinel and pyroxenes in suitable parts of the intrusion channel. Composition of olivine can be used to follow the evolution of magma in the feeder channel. (Fig. 4) . Calculations based on the composi-1147 tion of the most magnesian olivine in the intrusions 1148 and Fe/Mg distribution between olivine and melt 1149 indicate that the MgO contents of the parental mag-1150 mas ranged from 8% up to 12% MgO. Common 1151 magmatic intercumulus amphibole suggests a hydrous 1152 parental magma indicative of arc-type basalt. Accord-1153 ingly, the mass calculations based on the high Mg 1154 content of cumulates compared to the composition of 1155 parental magma suggest that the ultramafic cumulates 1156 visible at the present erosion level represent only a 1157 minor portion of the total igneous complex from 1158 which the upper part was eroded away (Peltonen, 1159 (Peltonen, 1995a . Trace element composition, low Se/S in sul-1160 phides, lower than mantle e (1.9 Ga) Nd values, and com-1161 mon graphite in ultramafic cumulates show that the 1162 trace element composition of the parental magma for 1163 the Group Ib intrusions was strongly modified during 1164 emplacement through the crust. The mantle-derived 1165 magma was sulphide unsaturated, but became satu-1166 rated at the level of crust due to interaction with 1167 sulphur derived from the black schists (Peltonen, 1168 (Peltonen, 1995a . The sulphides accumulated at suitable traps 1169 in feeder channels together with early crystallizing 1170 olivine and spinel. 1171
The differences between Group Ia and Ib intrusions 1172 are due to the more profound contamination of Group 1173 Ia intrusions, their fractionation in an intermittent 1174 magma chamber, and intrusion as fractionated batches 1175 to their present positions in the crust. The Group Ib 1176 intrusions represent feeder channels of a more open 1177 intrusive-volcanic system, and probably also a more 1178 voluminous intrusion of magma into an environment 1179 where the crustal contaminant was slightly different 1180 and the tectonic evolution more tranquil than for 1181 Group Ia intrusions. 1220 The Palaeoproterozoic arc assemblages also seem 1221 in detail to represent slightly different tectonic set-1222 tings, apart from their age differences (Fig. 6) 
1228 a continental margin setting and is fundamentally 1229 different in the composition of its host rocks and 1230 associated metallogeny compared to the Pyhäsalmi 1231 and Skellefte provinces. The Vihanti-Pyhäsalmi and 1232 Skellefte deposits show many similarities with Kur-1233 oko-type deposits, whereas the Outokumpu deposits 1234 have been described as bCyprus-typeQ deposits (Helo-1235 (Helo- vuori, 1979 Ekdahl, 1993; Allen et al., 1996a) . 1236 Recently, however, the idea of exhalative ore forma-1237 tion for the Outokumpu deposits has been questioned, 1238 as the chemical composition of the host rocks indi-1239 cates that they are subcontinental lithospheric mantle 1240 rocks (Kontinen, 1998; Sorjonen-Ward et al., 2004 Syme et al., 1982) . The scarcity of known VMS 1252 mineralization in the Archaean of the Fennoscandian 1253 Shield can be attributed to two factors: (1) the lack of 1254 suitable host sequences of the appropriate age, as 1255 explained above, and (2) the unexplored nature of 1256 the Archaean areas, especially in Russia. 1257 4.2.2. Timing and relation to regional tectonic 1258 evolution of the shield 1259
The Pyhäsalmi area is characterized by bimodal 1260 volcanic sequences. The mafic volcanic rocks are low-1261 K, island-arc tholeiite metabasalts and basaltic meta-1262 andesites, whereas the felsic volcanic rocks include 1263 low-K, transitional to calc-alkaline rhyodacites, rhyo-1264 lites, and high-silica rhyolites (Rasilainen, 1991; 1265 Kousa et al., 1994 Lahtinen, 1994) . The local base-1266 ment to the bimodal volcanic sequence is suggested to 1267 comprise a collage of ca. 2.0 to 1.94 Ga volcanic 1268 rocks (Lahtinen, 1994) . Within the bimodal volcanic 1269 sequence, massive sulphide deposits occur either at 1270 the transition from mafic to felsic volcanic rocks, or 1271 are entirely hosted by felsic pyroclastic rocks (Huh-1272 (Huh- tala, 1979 Mäki, 1986; Rasilainen, 1991) . Deformed 1273 1.93 to 1.91 Ga tonalites and trondhjemites are spa-1274 tially associated with ore-associated bimodal volcanic 1275 sequences (Lahtinen, 1994) . Isotope and trace element 1276 data from these rocks show that they were produced 1277 by partial melting of ca. 2.0 Ga primitive island-arc 1278 tholeiite basalts (Lahtinen, 1994; 1279 Huhma, 1997) . The intrusive rocks are geochemically 1280 similar to and of the same age as the ore-associated 1281 metarhyolites, and are therefore considered to repre-1282 sent subvolcanic equivalents of the latter (Kousa et al., 1283 (Kousa et al., 1994 Lahtinen, 1994) . 1284 In places, the bimodal volcanic sequence is over-1285 lain by migmatitic metasedimentary rocks with inter-1286 calated calc-silicate and graphite-bearing interlayers.
1287 In turn, this sequence is succeeded by a younger 1288 (~1.88 Ga) calc-alkaline volcanic suite formed in a 1289 mature arc setting (Kousa et al., 1994) . 1290 According to Lahtinen (1994) , the 1.93 to 1.91 Ga 1291 volcanic rocks that host Zn-Cu deposits in the 1292 Vihanti-Pyhäsalmi district formed within a rifted pri-1293 mitive island arc. Intra-arc rifting in a juvenile setting 1294 is implied by the occurrence of bimodal volcanism, 1295 low-K tholeiitic basalts, and minimal hornblende frac-1296 tionation in the generation of rhyolites. The felsic 1297 subvolcanic intrusions have juvenile e Nd values, indi-1298 cating an origin by partial melting of a primitive low-1299 K island-arc basalt source (Kousa et al., 1994; Lahti-1300 Lahti- nen, 1994 . . Regionally, these VMS 1351 ores occur on at least two stratigraphic levels, most 1352 commonly near the upper contact of the lower volca-1353 nic complex.
1354 The Bergslagen district, located in south-central 1355 Sweden, and the extension into SW Finland, the 1356 Uusimaa belt, are 1.90 to 1.87 Ga in age and char-1357 acterized as a felsic magmatic region. The volcanic 1358 succession is 1.5 km thick and overlies turbiditic 1359 metasediments in the east, and is over 7 km thick 1360 with no exposed base in the west (Lundströ m, 1987; 1361 Allen et al., 1996a . The basement is interpreted to be 1362 older, unexposed, continental crust.
1363 In contrast to the Vihanti-Pyhäsalmi and Skellefte 1364 districts, Bergslagen contains a diverse range of ore 1365 deposits, including banded iron formations, magnetite 1366 skarns, manganiferous skarns and marble-hosted iron 1367 ores, apatite-magnetite iron ores, stratiform and stra-1368 tabound Zn-Pb-Ag-(Cu-Au) sulphide ores, and W 1369 skarns (Hedströ m et al., 1989; Sundblad, 1994; Allen 1370 Allen et al., 1996b .
1371 Although traditionally described as massive sul-1372 phide ores divided into the Å mmeberg and Falun 1373 types (Sundblad, 1994) , and historically among the 1374 first ore deposits in Sweden described as exhalative 1375 (Koark, 1962) , their classification as typical VMS 1376 deposits can be questioned. The ore deposits conform, 1377 with some exceptions, to a regional ore stratigraphy.
1378 Based on physical characteristics, the main base-metal 1379 deposits span a range between two end-member types 1380 . The first type comprises sheet-1381 like, bedded, stratiform Zn-Pb-Ag-rich, Fe and Cu 1382 sulphide-poor deposits such as Zinkgruvan. These 1383 deposits are hosted by rhyolitic ash-siltstones with 1384 marble, skarn, and siliceous chemical sediment beds, 1385 and have intense footwall potassic alteration, silicifi-1386 cation, and subordinate Mg-rich alteration (Hedström 1387 (Hedström et al., 1989 . Allen et al. (1996b) named these deposit 1388 bstratiform ash siltstoneQ-hosted Zn-Pb-Ag sulphide 1389 deposits (SAS type) and included some deposits of the 1390 Å mmeberg type (see Sundblad, 1994 and references 1391 therein). The second end-member type according to 1392 Allen et al. (1996b includes irregular multi-lens and 1393 pod-like, strata-bound, massive and disseminated Zn-1394 Pb-Ag-Cu mineralization such as Garpenberg, and 1395 more massive pyritic Cu-Zn-Pb-Ag-Au mineraliza-1396 tion such as Falun. These deposits straddle marble
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1445 the lower and middle stratigraphic intervals, and 1446 became consistently deep subaqueous in the upper 1447 interval . 1448 The supracrustal succession has been intruded by 1449 syn-and post-volcanic granitoids. The stratigraphy 1450 reflects an evolution from intense magmatism, thermal 1451 doming, and crustal extension, followed by waning 1452 extension, waning volcanism, and thermal subsidence, 1453 then reversal from extension to compressional defor-1454 mation and metamorphism . The 1455 region is interpreted as an extensional intra-continental 1456 or continental margin back-arc, region (Allen et al., 1457 . 
Orogenic gold

1459
Orogenic gold deposits, following the terminology 1460 of Groves et al. (1998) , are present in both Archaean 1461 and Proterozoic units of the Fennoscandian Shield 1462 (Fig. 2) . Some gold-only deposits have been described 1463 with alternative genetic models; for example, the 1464 Enåsen (Hallberg, 1994) and Kutemajärvi (Poutiainen 1465 and Grö nholm, 1996) have been interpreted as meta-1466 morphosed epithermal deposits. The largest gold 1467 deposit in the Fennoscandian Shield, the Boliden 1468 deposit, has also been described as a hybrid epither-1469 mal VMS deposit (Bergman Weihed et al., 1996) . In 1470 the northernmost part of the Fennoscandian Shield 1471 Cu-Au deposits such as Bidjovagge (Ettner et al., 1472 (Ettner et al., 1994 , Pahtohavare (Lindblom et al., 1996) and Saat-1473 topora (Grö nholm, 1999) have been described as oro-1474 genic gold deposits, but the high content of Cu makes 1475 these deposit more akin to IOCG deposits (see 1476 Weihed, 2001 . 1477 Although the currently economic deposits are 1478 strongly concentrated in the Palaeoproterozoic 1479 domains (cf. Sundblad, 2003) , tens of occurrences 1480 have also been identified in Archaean areas that 1481 have been explored for gold by modern methods 1482 . The apparent scarcity of Archaean 1483 economic deposits is probably due to the fact that little 1484 exploration for gold has been performed in the Rus-1485 sian part of the shield and that exploration in the 1486 Finnish part is relatively recent.
1487 Age data on orogenic gold mineralizing events are 1488 scarce, but it is possible to constrain three major 1489 periods of mineralization; 2.72 to 2.67, 1.90 to 1.86 1490 and 1.85 to 1.79 Ga (Box 8-2, Eilu and Weihed, 2005 ,
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1491 this volume), excluding a few minor younger events 1492 (Luukkonen, 1992; Sorjonen-Ward, 1993; Mänttäri, 1493 Mänttäri, 1995 Bark and Weihed, 2003; 1494 Weihed et al., 2003 . The age data appear to define 1495 a rough zonation from NE to SW, which seems to be 1496 related to the south-westward growth of the Fennos-1497 candian Shield with time.
1498 4.3.1. Geodynamic setting 1499
The periods of orogenic mineralization in the Fen-1500 noscandian Shield fit into two of the main global 1501 periods of orogenic gold mineralization during the 1502 Precambrian, at ca. 2.7 to 2.6 and ca. 1.9 to 1.8 Ga, 1503 which correlate with the major episodes of juvenile 1504 continental growth discussed above Hof-1505 mann, 1994; Goldfarb et al., 2001 ). More specifically, 1506 the periods of orogenic gold mineralization can be 1507 correlated with the main compressional to transpres-1508 sional events, with peak regional metamorphism and 1509 the latest main stage of deformation during major 1510 orogenies in the shield (Luukkonen, 1992; Sorjonen-1511 Ward, 1993 Lahtinen et al., 2003; 1512 Sundblad, 2003 Weihed et al., 2003) Vaasjoki et al., 1993 Vaasjoki et al., , 1999 . In the Ilomantsi 1547 greenstone belt in the easternmost part of Finland, 1548 there is textural and structural evidence that gold 1549 mineralization slightly preceded the peak of the regio-1550 nal metamorphism (Sorjonen-Ward, 1993; Sorjonen-1551 Ward and Luukkonen, 2005) . Large areas of the 1552 Archaean domain were reheated by burial beneath a 1553 sequence of nappes in the foreland of the Palaeopro-1554 terozoic orogenies around 1.9 Ga. Despite also indi-1555 cations of Proterozoic fluid activity in the region (e.g., 1556 Poutiainen and Partamies, 2003) , there is no evidence 1557 for a distinct Proterozoic gold mineralization event in 1558 the area (Kontinen et al., 1992; O'Brien et al., 1993) .
1559 The lack of Proterozoic gold in the Archaean areas 1560 could simply be due to the style of the Proterozoic 1561 tectonic processes in the area: a system of subhori-1562 zontal nappes typically does not contain deep, trans-1563 crustal structures necessary to tap the fluid and metal 1564 sources and focus enough mineralizing fluids for oro-1565 genic gold deposits to form (Goldfarb et al., 2001) . 1566 For the Palaeoproterozoic greenstone belts in 1567 northern Finland, most of the radiometric age dating 1568 and structural evidence suggest mineralization 1569 between ca. 1.85 and 1. 79 Ga (Sorjonen-Ward et al., 1570 Mänttäri, 1995) . On the other hand, structural 1571 evidence and a few radiometric ages of the wall-rocks 1572 from some of the gold occurrences point towards 1573 mineralization between ca. 1.90 and 1.88 Ga (Män-1574 ttäri, 1995 . In any case, most of the available evi-1575 dence supports the occurrence of orogenic 1576 mineralization in northern Finland during the peak 1577 deformation stage of the collisional epoch at 1.85 to 1578 1.79 Ga. Two different styles of epigenetic gold 1579 occurrence in the region are displayed in Figs. 5 and 1580 6, respectively. The Suurikuusikko deposit (Fig. 7) 1581 exhibits features that are typical of shear zone-hosted 1582 orogenic gold deposits, whereas the Saattopora Cu-1583 Au deposit (Fig. 8 ) exhibits many features that are 1584 typical of orogenic gold lode deposits, but also 1585 includes some features characteristic of IOCG depos-1586 its (see Box 8-2, Eilu and Weihed, 2005, this volume) .
In the Svecofennian domain of Finland, orogenic 1588 mineralization post-dates the earliest deformation. 1589 However, some of the occurrences were recrystal-1590 lized and deformed to varying degrees after miner-1591 alization between 1.84 and 1.80 Ga (e.g., 1592 Kontoniemi, 1998 Secondary ore zones occur on stratigraphic contacts throughout the entire host rock package. All parts of the local stratigraphy appear to have a geochemical affinity with the 2.012 Ga Vesmajärvi Formation (as defined in Lehtonen et al., 1998) . In the structure hosting Suurikuusikko (Kiistala Shear Zone, not shown), the most intense shearing associated (spatially and temporally) with mineralization was focused within the central units of the local stratigraphy.
Recent age data on orogenic gold deposits in the 1596 western part of the shield indicate that many of the 1597 deposits, at least in part, formed slightly after peak 1598 metamorphism, as late as ca. 1.79 to 1.77 Ga (Bark 1599 and Weihed et al., 2003) . Later remo-1600 bilization may also have occurred and there is abun-1601 dant evidence for young, post-1.78 Ga, hydrothermal 1602 activity in northernmost Sweden (see Section 4.4). Orogenic gold deposits in the Fennoscandian 1605 Shield are structurally controlled. All occurrences 1606 are in second-to lower-order shear or fault zones, at 1607 their intersections, or at the intersections between 1608 antiforms and crosscutting fault and shear zones, all 1609 indicative of a compressional to transpressional 1610 regime at the time of mineralization, as exemplified 1611 in the Palaeoproterozoic Central Lapland and Kuu-1612 samo greenstone belts. In Central Lapland, the W-to 1613 NW-trending Sirkka Shear Zone, a major crustal-scale 1614 structure, is located close to most of the gold occur-1615 rences, which in many cases are in lower-order shear 1616 or fault zones branching from the main structure and 1617 at localities where younger faults cut across the latter 1618 . In the Kuusamo greenstone belt, 1619 nearly all occurrences are located within two NE-to 1620 NW-trending antiforms located in the central part of 1621 the greenstone belt, at or near intersections between 1622 antiforms and crosscutting faults (Pankka, 1992; Van-1623 Van- hanen, 2001 . Similarly, deposits in central and south-1624 ern Finland display a close association with major 1625 faults, but are hosted by second-and third-order Fig. 8 . Plan view and cross-section of the Saattopora deposit. Geology is based on Korvuo (1997) ; stratigraphy on Lehtonen et al. (1998 
1626 structures branching from the large faults. In the 1627 Bjö rkdal deposit in the Skellefte district in Sweden, 1628 the gold is related to third-order structures. There, the 1629 gold precipitated in or adjacent to conjugate quartz 1630 veins in the footwall of a major duplex structure that 1631 formed during roughly E-W crustal shortening at ca. 1632 1.80 Ga . 1633 On a local scale, favoured sites for gold minerali-1634 zation are (1) pre-gold albitized units, (2) competent 1635 units enveloped by softer rocks, and (3) contact zones 1636 between chemically-reactive rocks with a significant 1637 competency difference. There are examples of each of 1638 these in Lapland: in the Saattopora mine (Fig. 8) , the 1639 pre-gold albitization significantly increased the com-1640 petency of the host tuffites and phyllites, providing 1641 pathways for the mineralizing fluids where these units 1642 were brecciated (Grö nholm, 1999) . Grö nholm (1999) 1643 further suggests that precipitation of gold at Saatto-1644 pora was induced by reduction-oxidation reactions 1645 between the mineralizing fluid and graphite in the 1646 albitized wallrock. Increased competency due to pre-1647 gold albitization has also been suggested for most of 1648 the Kuusamo deposits (Pankka, 1992; Vanhanen, 1649 Vanhanen, 2001 . A large number of occurrences in Central 1650 Lapland are located in contact zones between chemi-1651 cally reactive rocks with a significant competency 1652 difference, for example between intensely carbonated 1653 and more competent metakomatiites and more plastic 1654 graphitic tuffite or phyllite . At 1655 Bjö rkdal, the gold mineralization appears to be related 1656 to the competency contrast between the host inter-1657 mediate intrusion and the surrounding supracrustal 1658 rocks, including a mylonitized marble unit (Weihed 1659 
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Mineral abbreviations: Ab = albite, Am = amphibole, Bi = biotite, Bo = bornite, Cc = chalcocite, Co = cobaltite, Cp = chalcopyrite, Di = diopside, Ht = hematite, Kf = K feldspar, Mt = magnetite, Po = pyrrhotite, Py = pyrite, Sc = scapolite, SG = Savukoski Group, To = tourmaline.
t2.12
Host sequence abbreviations: KiG = Kiirunavaara Group, KGG = Kiruna Greenstone Group, PoG = Porphyrite Group, TF = Tikanmaa Formation. (Frietsch, 1977; Bergman et al., 2001) or intrusion-1760 related skarn deposits (Hiltunen, 1982) . Several skarn-1761 rich iron deposits have been mined in the Kolari area 1762 in NW Finland and in the Misi region in southern 1763 Finnish Lapland (Nuutilainen, 1968; Hiltunen, 1982; 1764 Niiranen et al., 2003 . In addition, significant amounts 1765 of Cu and Au have been recovered from the Laurinoja 1766 orebody in the Kolari area (Hiltunen, 1982; Geologi-1767 cal Survey of Finland, 2004 Fig. 9 . Key geodynamic features of IOCG deposits. The generalized tectonic section illustrates the relationship between host rocks, tectonic setting and IOCG deposits and other greenstone-related ore types. The section is not meant to illustrate specific temporal relationships, but is a generalization over 500 million years of basically intracontinental to continental margin evolution of the rifted Karelian craton between 2.45 and 1.85 Ga. . Magnetite is a com-1855 mon minor component in many occurrences and 1856 locally they occur adjacent to major magnetite depos-1857 its. A close spatial relationship with regional shear 1858 zones is common, with second-to fourth-order struc-1859 tures controlling the location of an occurrence (Eilu et 1860 al., in press ). In addition to structural traps, chemical 1861 traps may also be important with redox reactions 1862 involving an originally high graphite or magnetite 1863 content of the host rock to trigger sulphide precipita-1864 tion. In addition to Cu, several occurrences also con-1865 tain Co and/or Au in economic to subeconomic 1866 amounts. Other elements that may be significantly 1867 enriched include LREE, Ba, U, and Mo (e.g., Mar-1868 Mar- tinsson, 2001 Vanhanen, 2001) . 1869 Highly saline fluid inclusions with 30 to 45 eq. 1870 wt.% NaCl and depositional temperatures of 500 to 1871 300 8C are recorded for the epigenetic Cu F Au 1872 deposits in the region (Ettner et al., 1993; Lindblom 1873 Lindblom et al., 1996 Broman and Martinsson, 2000; Wanhai-1874 Wanhai- nen et al., 2003 Williams et al., 2003; Edfelt et al., 1875 Niiranen pers. comm. 2004 Ga (Bjør-1917 lykke et al., 1990 Mänttäri, 1995) . Ages for Kiruna-1918 type Fe-oxide ores are only published from the Kiruna 1919 area and suggest that these ores were formed between 1920 1.89 and 1.88 Ga (Romer et al., 1994; Cliff et al., 1921 Cliff et al., 1990 Fig. 12 after Lahtinen et al. (2005) . Stars denote mineralization styles as in Fig. 12 . mc = microcontinent. According to Lahtinen et al. (2005) lithologic, geochemical, isotopic and geophysical data suggest the following pre-1.92 Ga components in the Fennoscandian Shield, illustrated in the cross-sections:
n The Karelian, Kola and Norrbotten Archaean cratons n The Keitele, Bergslagen and Bothnia N 2.0 Ga age microcontinents n The Kittilä~2.0 Ga island arc and oceanic crust n The Savo, Knaften, Inari and Tersk~1.95 Ga island arcs
The Karelian and Kola cratons are well exposed, whereas the Norrbotten craton is not exposed. The Paleoproterozoic microcontinents Keitele, Bergslagen and Bothnia have no identifed surface expressions. The Kittilä and Savo arcs are partly exposed and only small slivers of the Knaften arc are found at surface. The relationship of the Inari and Tersk arcs with the Archaean crust is not well known. The Umeå allochthon consists of a pre 1.9 Ga rock sequence, which is overlain by younger rocks in the Bothnian basin. 
